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0 Apparatus for detecting the passage of multiple superposed sheets along a feed path. 



0 A multiple siieet detection apparatus includes 
first^nd second c ooperating rollers (12, 14), J he 
second roller (14) being movable awa y from the f irst 
roller (12) In response to tne passage'of a single or 
multiple sheet between the rollers (12, 14). Voltage 
generating means (42) produce an output voltage 
which varies linearly with movement of the axis of 
the second roller relative to the axis of the first roller 
(12). Data processing means sample this voltage a 
predetermined number of times over one complete 
revolution of the first roller (12), first with no she et 
present and then with a single or multiple sheet 
passing between the rollers (12, 14), to produce first 
and second values which are respectively repre- 
sentative of the sums of the voltages sampled during 
2! each such revolution. The fi rst value Is subtracte d 
"f rom the second value to produce a third valu e on 
00 t he basis of which t he number of sheets corres pond- 
^ing to the second value is determin ed. 
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APPARATUS FOR DETECTING THE PASSAGE OF MULTIPLE SUPERPOSED SHEETS ALONG A FEED PATH 



This invention relates to an apparatus for d - 
tecting the passage of multiple superposed sheets 
along a feed path. The invention has application, 
for example, to an apparatus for detecting the 
passage of superposed cun-ency notes in a cash 
dispensing mechanism of an automated teller ma- 
chine (ATM). 

In a cash dispensing mechanism, it is impor- 
tant to provide a simple and reliable means for 
detecting when a currency note has become super- 
posed on another in a path of travel from a cur- 
rency supply means to a note exit slot, since such 
superpositioning may produce an undesirable re- 
sult such as the dispensing of an excessive amount 
of money. For convenience, two or more sheets or 
notes which have become disposed in a super- 
posed relationship will hereinafter be referred to as 
a multiple sheet or a multiple note. 

One known type of apparatus for detecting the 
passage of multiple notes along a feed path em- 
ploys a note thickness sensing mechanism through 
which notes are fed in operation and which incor- 
porates a gauging roller In the event of a multiple 
note (or an excess thickness note) passing through 
the sensing mechanism, the axis of the gauging 
roller is displaced by an amount such that a note 
rejecting means is actuated, actuation of the reject- 
ing means causing the notes or note to be diverted 
into a reject hopper. A problem experienced with 
known apparatuses of this type is that such appara- 
tus may not distinguish between multiple notes and 
a single note having a localized increase in thick- 
ness, brought about for example by a crease or 
fold in the note or by the attachment thereto of 
extraneous matter such as adhesive tape. As a 
result, there is a tendency for such apparatus to 
reject an excessive number of notes. The use of 
such apparatus in a cash dispensing mechanism of 
an ATM would tend to increase mainteinance 
costs, since the rejection of an excessive number 
of notes would decrease the period of time be- 
tween successive replenishments of the machine 
with currency notes. 

An apparatus which is intended to overcome 
the aforementioned problem is disclosed for exam- 
ple in U.K. Patent Application No. 2 001 038 A. A 
thickness sensor including a pair of gauging rollers 
is arranged to gauge a portion of a currency note 
and to generate a digital signal in response to note 
thickness, for example a logic 1 signal in response 
to a multiple note thickness and a logic 0 signal in 
response to a single note thickn ss. The digital 
output of the thickness sensor is applied to an 
integrator circuit which integrates this output over 
substantially the entire length of th gauged portion 



of the note. The output of the integrator circuit is 
compared with a reference signal in order to deter- 
mine if the gauged note is a multiple note or a 
single note. Although this known apparatus is able 

5 to distinguish between a multiple note and a single 
note having localized areas of increased thickness 
that might be caused by dirt or creases, the ap- 
paratus is not able to determine the number of 
notes being sensed at any instant. For example, 

10 the apparatus is not able to distinguish between 
two superposed notes and three superposed notes. 

It is an object of the invention to provide an 
apparatus for detecting a multiple note, which ap- 
paratus is of simple construction and can deter- 

15 mine the actual number of notes making up a 
detected multiple note. 

According to the invention there is provided an 
apparatus for detecting the passage of superposed 
sheets along a feed path, including first and sec- 

20 ond cooperating rollers, said first roller having a 
fixed axis of rotation, means for feeding sheets 
along said feed path between said rollers, and 
means for mounting said second roller so that its 
axis is movable relative to that of said first roller 

25 and so that it is biased towards said first roller to 
enable said second roller to be displaced away 
from said first roller in response to a single or 
multiple sheet passing between said first and sec- 
ond rollers, characterized by voltage generating 

30 means associated with said second roller and ar- 
ranged to produce an output voltage which varies 
linearly with movement of the axis of said second 
roller towards or away from the axis of said first 
roller, a nalog-to-digital converter means to wh ich 

35 said output voltage is applied, pulse generating 
means for generating timing pulses in timed rela- 
tionship with the revolution of said rollers, and data 
processing means connected to the output of said 
converter means and to the output of said pulse 

40 generating means, said data processing means be- 
ing arranged to perform the following steps: (a) 
sampling the value of said output voltage, as repre- 
sented by the output of said converter means, a 
predetermined number of times for one complete 

45 revolution, or for an integral number of complete 
revolutions, of one of said rollers when no sheet i s 
passing between said rollers, (b) storing a first 
digi tal valu e representative of the sum dt tne values 
of said output voltage sampled in st p (a), (c) 

60 sampling the value of said output voltage, as repre- 
sented by the output of said converter means, said 
predetermined number of times for one complete 
revolution, or for an integral number of complete 
revolutions, of said one of said rollers when a 
single or multiple sheet is passing between said 
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rollers, (d) storing a second digital val ue repre- 
sentative of th s um of the values of sa id output 
voltage sampled in step (c), and (e) subtracting 
said first digital value from said second digital 
value to produce a third digital value on the basis 5 
of which a determination is made of the number of 
sheets which passed between said rollers in step 
(c). 

It should be understood that the ability of an 
apparatus in accordance with the invention to de- io 
termine the number of sheets making up a de- 
tected multiple sheet is of importance, since when 
it is used in a cash dispensing mechanism, for 
example, it enables a multiple note to be counted 
as the appropriate number of notes and then dis- 75 
pensed to a customer. 

One embodiment of the present invention will 
now be described by way of example with refer- 
ence to the accompanying drawings, in which: 

Fig. 1 is a front elevationai view of a note 20 
sensing mechanism utilized in a multiple note de- 
tect apparatus in accordance with the present in- 
vention; 

Fig. 2 is a part sectional side elevationai 
view of the note sensing mechanism of Fig. 1 taken ss 
along the line 2-2 of Rg. 1; 

Fig. 3 is a schematic view of part of a cash 
dispensing mechanism incorporating the note sens- 
ing mechanism of Figs. 1 and 2: 

Fig. 4 is a circuit diagram of means for 30 
generating an output voltage which varies in accor- 
dance with the thickness of a sensed note; and 

Fig. 5 is a block circuit diagram of the mul- 
tiple note detect apparatus and associated parts of 
the cash dispensing mechanism. 35 

Referring to Figs. 1 and 2. a note sensing 
mechanism 10 of a multiple note detect apparatus 
in accordance with the invention includes a steel 
roller 12 having a fixed axis of rotation and a 4q 
cooperating steel roller 14 having a movable axis of 
rotation, the diameter of the roller 12 being exactly 
twice that of the roller 14. As will be explained 
later, the roller 14 is resiliently ur ged into e ngage- 
ment withlReT 0FerT2rana cun^ency notes 16 (see 45 
Fig, 3) are fedlrToperation between the rollers 12 
and 14, with the long dimension of each note 16 
extending parallel to the axis of the roller 12. 

The roller 12 is secured on a drive shaft 18 
which extends between, and is rotatably mounted so 
with respect to, a pair of side frame members 20 
and 22. and the roller 14 is rotatably mounted on a 
rigid rod 24 which, in the absence of any currency 
note 16 between the rollers 12 and 14, extends 
parallel to the drive shaft 18. The roller 14 is 55 
caused to rotate in operation by virtue of its resil- 
ient engagement with the roller 12 or with a note 
passing between the rollers 12 and 14. The right 



hand end (with r ference to Rg. 1) of the rod 24 is 
secured by means of a screw 26 to a narrow plate 
28 of plastics material which is disposed generally 
parallel to the side frame member 22. The ends of 
the plate 28 are secured to the member 22 by 
means of bolts 30. the plate 28 being spaced from 
the inner surface of the member 22 by spacer 
members 32. 

A connector member 34 is pivotally mounted 
on a stud 36 secured to the inner surface of the 
side frame member 20. That end of the rod 24 
remote from the plate 28 is supported by the 
connector member 34, this end passing through, 
and being a tight fit with respect to, a circular 
aperture 38 formed in the connector member 34 
above the stud 36. Th e connector member 34 is 
conne cted to a vertically extending arrr iaTlirp ^ 
a linear variable differen tiat trans former (L VDT) 42 
by means of an arm 44 wnicn is formed integral 
with the connector member 34 and which extends 
therefrom in a generally horizontal direction. The 
LVDT 42 is mounted on a bracket 46 secured to 
the side frame member 20. and the free end of the 
arm 44 is connected by means of a spring 48 to a 
stud 50 secured to the member 20. the spring 48 
serving to urge the assembly of the connector 
member 34 and the arm 44 in an anticlockwise 
direction (with reference to Fig. 2) about the stud 
36. The plate 28 has a certain amount of inherent 
flexibility, and by virtue of this flexibility the i'od 24 
is pivotable to some extend about a point substan- 
tially at the centre of the plate 28. Normally, the 
roller 14 is urged into engagement with the roller 
12 under the action of the spring 48. Upon one or 
more currency notes passing between the rollers 
12 and 14. pivotal movement of the rod 24 is 
brought about in a direction such that the left hand 
end (with reference to Fig. 1) of the rod 24 is 
moved away from the drive shaft 18. This pivotal 
movement of the rod 24 brings about pivotal move- 
ment of the connector member 34 in a clockwise 
direction (with reference to Fig. 2) about the stud 
36 against the action of the spring 48. and in turn 
this movement of the connector member 34 brings 
about a downward movement of the armature 40 of 
the LVDT 42 by means of the arm 44. Upon the 
cun-ency note or notes leaving the nip of the rollers 
12 and 14, the spring 48 returns the rod 24 to its 
home position, with the roller 14 in engagement 
with the roller 12, and also moves the armature 40 
in an upward direction back to its home position via 
the arm 44. It should be understood that the nature 
of the guidance of the armature 40 within the 
housing 51 of the LVDT 42 permits the angular 
movement of the arm 44 to be translated into up 
and down movement of the amnature 40 over the 
small extent of pivotal movement of the rod 24 
encountered in operation: 
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Movement of currency notes in an upward di- 
rection between the rollers 12 and 14 is brought 
about by means of pairs of cooperating rubber feed 
rolls 52 and 53 mounted on shafts 54. the shafts 54 
extending between, and being rotatably mounted 5 
with respect to, the side frame members 20 and 
22. The feed rolls 52 and 53 and the drive shaft 18 
for the roller 12 are driven via transmission means 
(not shown) by an electric motor 56 (Fig. 5). As 
shown in Figs, 1 and 2. the feed rolls 52 are io 
positioned beneath the rollers 12 and 14, and the 
feed rolls 53 are positioned above the rollers 12 
and 14. 

A timing disc 58 is secured to the end of the 
drive shaft 18 projecting beyond the side frame /5 
member 22. the disc 58 carrying a series of 90 
radially extending black regions (not seen) equally 
spaced around the axis of the shaft 18. each suc- 
cessive pair of black regions being separated by a 
clear region having the same angular width as each 20 
black region. The disc 58 cooperates with an op- 
tical sensor 60 mounted on the side frame member 
22. and in operation the sensor 60 generates a 
series of timing pulses in response to the sensing 
of the marks carried by the disc 58. The sensor 60 25 
generates a timing pulse for each transition which it 
senses between black and clear regions on the 
timing disc 58, and so a series of 180 equally 
spaced timing pulses are generated by the sensor 
60 for each complete revolution of the roller 12. A 30 
further optical sensor 62. arranged to sense the 
approach of a currency note to the nip of the 
rollers 12 and 14. is mounted on a bracket 64 
secured to the side frame member 20. 
\ Referring now to Rg. 3. the note sensing js 
j mechanism 10 is included in a cash dispensing 
I mechanism 66 of an ATM. The cash dispensing 
! mechanism 66 includes a cur tencv casg etteUSft, 
j arranged to contain a stack of currency notes 16 of 
\ the same predetermined denomination, with corres 40 
I ponding long edges thereof resting on the base 69 
I of the cassette 68. The cassette 68 is associated 
i with a pick mechanism 70. When one or more 
currency notes 16 are to be dispensed from the 
cassette 68 in the course of a cash dispensing 45 
operation, the pick mechanism 70 is pivoted in a 
clockwise direction so as to draw the lower portion 
of the first note 16 in the stack out of the cassette 
68 and into a position where the leading edge of 
this note is gripped between the curved periphery so 
of pick roll means 72 of D-shaped cross-section 
and the periphery of cooperating roll means 74. 
The first note is fed out of the cassette 68 by the 
roll means 72 and 74. and is guided along a feed 
path 76 by a roller 76 and guide means 80 until the S5 
leading edge of the note Is gripped by the feed 
rolls 52. 

Each currency note 16 extracted from the cas- 



sette 68 is fed by the feed rolls 52 to the nip of the 
rollers 12 and 14. and after passing between the 
rollers 12 and 14 the note 16 is fed in normal 
operation by the feed rolls 53 to a conventional 
stacking wheel 82 which is arranged to rotate con- 
tinuously in operation in an anticlockwise direction. 
The stacking wheel 82 comprises a plurality of 
stacking plates 84 spaced apart in parallel relation* 
ship along the stacker wheel shaft 86, each stack- 
ing plate 84 incorporating a series of curved tines 
88. The stacking wheel 82 is associated with a 
stripper plate 90 which is in the form of a comb-like 
structure, and the tines 88 of each stacking plate 
84 are arranged to pass between adjacent teeth of 
the stripper plate 90. In operation, each* currency 
note 16 fed by the feed rolls 53 to the stacking 
wheel 82 enters between adjacent tines 88 of the 
stacking plates 84, as shown in Fig. 3, and is 
carried partly around the axis of the stacking wheel 
82. the note 16 being stripped from the stacking 
wheel 82 by the stripper plate 90 and being 
stacked against a normally stationary belt 92 with a 
long edge of the note 16 resting against the strip- 
per plate 90. When a bundle of notes 16' (or 
possibly a single note only) to be dispensed to a 
user of the ATM in response to a cash withdrawal 
request has been stacked on the belt 92. the belt 
92 is operated by a separate motor (not shown) so 
as to transport the bundle of notes 16' towards a 
cash delivery slot (not shown). 

A divert gate 94 mounted on a shaft 96 is 
positioned above the note sensing mechanism 10 
in association with the feed rolls 53. One end of an 
arm 98 is secured to the shaft 96. the other end of 
the arm 98 being pivotally coupled to an armature 
100 associated with a solenoid 102. As will be 
explained later, the solenoid 102 is arranged to be 
energized In response to t he multiple note detect 
apparatus detecting that an invalid note or a mul- 
tiple note has passed through the note sensing 
mechanism 10. The arrangement is such that with 
the solenoid 102 in a non-energized condition the 
divert gate 94 is in the position shown in solid 
outline in Rg. 3. out of the feed path 76 of cur- 
rency notes 16 from the guide roller 78 to the 
stacking wheel 82. Upon the solenoid 102 being 
energized, the armature 100 causes the divert gate 
94 to be pivoted via the arm 98 and shaft 96 in a 
clockwise direction into the position shown in chain 
outline in Fig. 3 in which the divert gate 94 is 
positioned In the feed path 76. With the divert gate 
94 in this last-mentioned position, the divert gate 
94 serves to guide invalid or multiple notes to feed 
rolls 104 which feed the notes to a reject bin 106, 
the notes being deposited into the bin through a 
slot 108. 

In addition to the optical sensor 62 which is 
arranged to sense the approach of a currency note 
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16 to the nip of the rollers 12 and 14. the cash 
dispensing mechanism 66 also includes an optical 
sensor 110 which is arranged to sense wh n a 
currency note 16 has been extracted from th 
cassette 68 by the pick m chanism 70 and asso* 
elated roll means 72 and 74. 

Referring now to Fig. 4. the LVDT 42 is con- 
nected to an LV DT sicinal co nditioner 112 such as 
model NE 5521 available from Mallard Limited. 
London. As is known, the signal conditioner 112 is 
in the form of an integrated circuit incorporating a 
low distortion, amplitude stable ^ine wa ve oscillator 
with programmable frequency lor drivingnh0"pn*' 
mary winding of the LVDT 42. a synchronous de- 
modulator for converting the LVDT output ampli- 
tude and phase to position information, and an 
output amplifier for providing amplification and fil- 
tering of the demodulated signal. A capacitor 114 
and a resistor 116 set the modulation frequency of 
the primary winding of the LVDT 42 at 14 KHz. The 
output of the signal conditioner 1 1 2 appears on an 
output line 118. the demodulator output of the 
signal conditioner 1 1 2 being connected to the out- 
put line 118 via a low pass filter comprising capaci- 
tors 120 and 122 and resistors 124 and 126 con- 
nected as shown in Rg. 4. and the gain of the 
output of the signal conditioner 112 being set by 
resistors 128 and 130. In the embodiment de- 
scribed, the output voltage appearing on the line 
118 changes from +5^ volts to -5 volts as the 
armature 40 moves into the LVDT 42 from its 
uppermost position to its lowermost position. 

The output line 118 of the signal conditioner 
112 is connected to the negative terminal of a 
differential amplifier 132 via a resistor 134, this 
terminal being connected via a resistor 136 to the 
output line 138 of the amplifier 132. The positive 
terminal of the amplifier 132 is connected to 
ground via a resistor 140 and is connected to a 
+ 7.5 volts supply via a resistor 142. The differen- 
tial amplifier 132 serves to change the +5 volts to 
-5 volts output of the signal conditioner 112 Into a 0 
to + 10 volts swing on the line 138. The line 138 is 
connected via a voltage divider comprising resis- 
tors 140 and 142 and an RC filter comprising a 
resistor 144 and a capacitor 146 to the positive 
terminal of an operational amplifier 148, the nega- 
tive terminal of which is connected to the output 
line 150 of the amplifier 148. The voltage divider 
140, 142 serves to limit the output swing of the 
amplifier 132 to a 0 to +5 volts swing, and the 
combination of the RC filter 144, 146 and the 
operational amplifier 148 serves as a low pass filter 
to remove the effect of the low frequency mechani- 
cal oscillations of the LVDT armature 40 brought 
about by the return spring 48 (Figs. 1 and 2). Thus, 
it will be appreciated that the signal appearing on 
the line 150 is a DC voltage between zero and +5 



volts which varies linearly with movement of the 
armature 40 into and out of the LVDT 42 and which 
therefore also varies linearly with angular move- 
ment of the axis of the roller 14 towards and away 

5 from the axis of the roller 12 (Figs. 1 to 3). 

Referring now also to Rg. 5. the output line 
150 is connected to a first input of an analog-to- 
di gital (A/D) converte r 152 which serves to convert 
the voltage appearing on the line 150 to an 8 bit 

w digital word the bits of which appear on the output 
lines 154 of the A/D converter 152. A control line 
156 is connected to the A/D converter 152, and the 
operation of the converter 152 is controlled by a 
low level control pulse CONVERT applied to the 

IS line 156. An analog-to-digital conversion takes 
place in response to the appearance of the pulse 
CONVERT on the line 156. this pulse having a 
duration of approximately 50us. The output lines 
154 are connected to a microorncessor 15 8. such 

20 as an 8049 microprocessor available from Intel 
Corporation, the microprocessor 158 being ar- 
ranged to process the information appearing on the 
lines 154 in a manner to be described later. 

The output of the timing disc sensor 60 is 

25 connected to the microprocessor 158 over a line 
160. As previously mentioned, the sensor 60 gen- 
erates a series of 180 timing pulses for each com-, 
plete revolution of the roller 12. In operation, the 
microprocessor 158 receives low level signals 

30 SAMPLE over a line 162 from a further micropro- 
cessor 164. Prior to receiving a signal SAMPLE, 
the microprocessor 158 has stored the number 180 
(i.e. the number of timing pulses generated for one 
revolution of the roller 12) in an internal memory 

35 location 166. and the contents of a further internal 
memory location 168 have been set to zero. In 
response to receipt of a signal SAMPLE, the micro- 
processor 158 sends a low level pulse ACK to th 
microprocessor 164 over a line 170 by way of 

40 acknowledgement. Following receipt by the micro- 
processor 158 of the signal SAMPLE, each timing 
pulse applied to the microprocessor 158 over the 
line 160 decrements the contents of the memory 
location 166 by one and causes a control pulse 

45 CONVERT to be applied to the A/D converter 152 
over the line 156. The application of each pulse 
CONVERT to the A/D converter 152 causes th 
A/D converter 152 to apply to the microprocessor 
158 an 8 bit digital number representing the value 

50 of the voltage appearing on the line 150 at the 
instant the pulse CONVERT is applied to the A/D 
converter 152, this number being added to the 
number (which initially is zero) contained In the 
memory location 168. When the contents of the 

55 memory location 166 have been reduced to zero, 
the application of further control pulses CONVERT 
to the A/D converter 152 is inhibited, and at this 
time the memory location 168 contains a 16 bit 
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number representing the sum of 180 samples of 
the output of the A/D converter 152, that is to say 
the sum of 180 samples of the value of the voltage 
appearing on the line 150 in the course of one 
complete revolution of the roller 12. 

The microprocessor 164 may also be an 8049 
microprocessor available from Intel Corporation. At 
the commencement of a cash dispensing opera* 
tion, the microprocessor 164 will apply a signal 
SAMPLE to the microprocessor 158 over the line 
162 prior to any currency note 16 reaching the nip 
of the rollers 12 and 14. It will be appreciated that 
in response to this signal SAMPLE, the micropro- 
cessor 158 will cause to be stored in the memory 
location 168 a 16 bit number representing the sum 
of 180 samples of the value of the voltage on the 
line 150 in the course of one complete revolution of 
the roller 12 w hen no currencv not e 16 ig oa<ssin9 
be tween the rollers 12 and 14. An 8 bit digital 
number representing the 8 most significant bits 
(most significant byte) of the number stored in the 
memory location 168 is then applied to the micro- 
processor 164 over a communications bus 172 and 
stored in an internal memory location 174 of the 
microprocessor 164. At this stage the contents of 
the memory location 168 are reset to zero, and the 
number 180 is stored in the memory location 166. 
It should be understood that the number stored in 
the memory location 174 is a number representing 
the average value of the voltage appearing on the 
line 150 in the course of one complete revolution of 
the roller 12, when no currency note 16 is passing 
between the rollers 12 and 14. 

Immediately prior to a single or multiple cur- 
rency note entering the nip of the rollers 12 and 14, 
the microprocessor 164 applies another signal 
SAMPLE to the microprocessor 158. Upon receipt 
of this signal SAMPLE, the microprocessor 158 will 
cause to be stored in the memory location 168 a 
16 bit number representing the sum of 180 sam- 
ples of the value of the voltage on the line 150 for 
one complete revolution of the roller 12 in the 
course of which the single or multiple note passes 
between the rollers 12 and 14. said voltage being 
of increased value for the period for which the 
single or multiple note Is present between the 
rollers 12 and 14. An 8 bit digital number repre- 
senting the 8 most significant bits of the number 
stored in the memory location 168 is then applied 
to the microprocessor 164 over the bus 172 and 
stored in an internal memory location 176 of the 
microprocessor 164. It should be understood that 
the number stored in the memory location 176 is a 
number representing the average value of the volt- 
age appearing on the line 150 for one complete 
revolution of the roller 12 when the last-mentioned 
single or multiple note passes between the rollers 
12 and 14. Next, the microprocessor 164 subtracts 



the number stored in the memorv locatinn 17 4 
from the number stored in the memory lo cation 
1 76 and stores the remainder in a further int"er nal 
memory location 1 78 of the micropr ocessor 164. 

5 It should be understood that as the two rollers 
12 and 14 rotate with no currency note passing 
between them, the voltage output of the signal 
conditioner 112, and thus the voltage appearing on 
the line 150. will vary slightly due to various factors 

70 such as bearing wear and tolerances, dirt on the • 
rollers 12 and 14 and roller eccentricity. Such volt- 
age variation will hereinafter be referred to as roller 
noise. As previously mentioned, the diameter of the 
fixed axis roller 12 is exactly twice that of the roller 

rs 14, so that during one complete revolution of the 
roller 12 there will be exactly two revolutions of the 
smaller roller 14. Thus, all the roller noise will be 
generated in one revolution of the fixed axis roller 
12. and this noise will be substantially repetitive 

20 from one revolution to the next. The number stored 
in the memory location 174 is a reference value 
representative of the roller noise. Since the voltage 
on the line 150 varies linearly with movement of 
the axis of the roller 14 towards or away from the 

25 axis of the roller 12. by subtracting the reference 
value stored in the memory location 174 from the 
number stored in the reference location 176, there 
is obtained a value (the number stored in the 
memory lo cation 178) proportional to the cr oss 

30 sectional area of t he single or multiple note which 
passeo petween tne rollers 12 and 14 when the 
namPef StOI'^d m tne mem ory location 176 was 
generated, the roller noise having no effect on this 
last-mentioned value. 

35 It will be appreciated that the same difference 
value, i.e. the value stored in the memory location 
178 will be obtained for t wo currency n otes 16 
passing between the rollers 12 and 14 in a fully 
superposed relationship as will be obtained for the 

40 same two notes 16 passing between the rollers 12 
and 14 in a partially overiapping relationship. Simi- 
larly, the same resulting value will be obtained for a 
single note 16 as for the same note 16 folded 
about its long axis. 

46 In alternative embodiments of the present In- 
vention, the numbers stored in the memory loca- 
tions 174 and 176 could be numbers representing 
the average value of the voltage appearing on the 
line 150 for a period of time corresponding to more 

50 than one complete revolution of the roller 12; also, 
it is not essential that the diameter of the roller 12 
is twice that of the roller 14. 

In the present embodiment th roller 12 has a 
circumference of 180 millimetres. Since 180 timing 

55 pulses are generated for one complete revolution 
of the roller 12, it will be appreciated that, when a 
single or multiple note is passing between the 
rollers 12 and 14. samples of the values of the 
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voltage appearing on the line 150 are taken at 
intervals of 1 millinr^etre across the width of the 
note. In general, it is preferable that such samples 
should be taken at intervals of 2 nnillimetres or less 
across the width of the note. 

The operation of the multipl note detect ap- 
paratus ana or tne asSOClaitiO puim uf the cash 
dispensing mechanism 66 will now be described 
with particular reference to Fig. 5. This operation is 
controlled by the microprocessors 158 and 164, the 
microprocessor 164 being connected via an 8 bit 
bus 180 to the main ATM processor 182. When the 
main ATM processor 182 requests that a particular 
number of currency notes be dispensed by the 
cash dispensing mechanism 66 from the currency 
cassette 68 (Fig. 3) in response to a cash with- 
drawal request by a user of the ATM, the micropro- 
cessor 164 stores this number in an internal mem- 
ory location 184. The microprocessor 164 then 
switches on the motor 56 by setting a control 
signal MOTON on a line 186 low. It should be 
understood that the motor 56 controls the operation 
of the drive shaft 18, the feed rolls 52. 53 and 104. 
the cooperating roll means 72, 74, the roller 78 and 
the stacking wheel 82. 

The microprocessor 164 then applies a low 
level pulse SAMPLE to the microprocessor 158 
over the line 162 so as to cause the microproces- 
sor 158 to store in the memory location 168, in the 
manner previously described, the sum of 180 sam- 
ples of the value of the roller 12 when no cun-ency 
note is passing between the rollers 12 and 14. 
Following receipt of the low level pulse SAMPLE, 
the microprocessor 158 transmits a low level pulse 
ACK to the microprocessor 164 over the line 170, 
the pulse ACK serving to cause the microprocessor 
to terminate the pulse SAMPLE on the line 162 in 
readiness for the next sampling operation to be 
performed by the microprocessor 158. As pre- 
viously described, a reference value represented 
by the 8 most significant bits of the number stored 
in the memory location 168 Is stored in the mem- 
ory location 174 of the microprocessor 164, 

Once a reference voltage valu e has been 
store d in^the men^Oty lOCatiOn 1/4, the required 
number of currency notes 16 are then picked by 
the pick mechanism 70. This picking operation is 
initiated by the microprocessor 164 applying a low 
signal PICK to the pick mechanism 70 over a line 
187 , which in correct operation causes the re- 
quired number of notes 16 to be picked one by 
one from the currency cassette 68 by the pick 
mechanism 70. Each picked note (which may a 
multiple note if the pick mechanism 70 operates 
incorrectly) is detected by the sensor 110 which 
sends a signal to the microprocessor 164 over a 
lin 188 advising the microprocessor 164 that a 
note has been picked. 



The picked currency note 16 is fed by the 
cooperating roll means 72. 74 (Rg. 3) along the 
feed path 76 to the feed rolls 52. and after passing 
through the feed rolls 52 the leading edge of the 

5 picked note 16 is detected by the sensor 62 shortly 
prior to this edge entering the nip of the rollers 12 
and 14. Thereupon, the sensor 62 sends a signal to 
the microprocessor 164 over a line 190 advising 
the microprocessor 164 that a currency note 16 is 

10 approaching the note sensing mechanism 10. 

Upon receipt of this signal, the microprocessor 
164 applies a further low level pulse SAMPLE to 
the microprocessor 158 over the line 162 so as to 
Initiate a further sampling operation in respect of 

?5 the value of the voltage on the line 150 for one 
complete revolution of the roller 12. Shortly after 
this sampling operation commences, the leading 
edge of the picked note 16 enters the nip of the 
rollers 12 and 14. and the trailing edge of this note 

20 leaves the nip prior to the completion of the just 
mentioned complete revolution of the roller 12. In 
the manner previously described, in the course of 
this revolution of the roller 12 the microprocessor 
stores in the memory location 168 the sum of 180 

25 samples of the value of the voltage appearing on 
the line 150. this voltage being of increased value 
for the period for which the picked note is passing 
, between the rollers 12 and 14, and thereafter the 8 
most significant bits of the number stored in the 

30 memory location 168 are stored in the memory 
location 176 of the microprocessor 1'64. f viext, the 
microproc essor 164 subtracts the reference va lue 
stored in the n^6W0iV l6<S^ti6n 1 /4 tr om the num - 
b ei just btuiud in i li u i i i bii i imy 10(;ik tion i/t) a nd 

35 st ofus Lliu te r nali i Uu i Irt the memory locatio n 178. 
The difference vabe stored in the memory location 
178 is proportional to the cross sectional area of 
the picked single or multiple note which passed 
between the rollers 12 and 14 in the course of the 

40 last-mentioned sampling operation performed by 
the microprocessor 158. It should be understood, 
that following receipt of the further low level pulse 
SAMPLE, the microprocessor 158 sends another 
low level pulse ACK to the microprocessor 1 64 for 

45 the purpose of terminating the pulse SAMPLE. 

After the difference value proportional to the 
just picked single or multiple note has been stored 
in the memory location 178, t he microprocessor 
164 c ompares this value with the contents o f a 

so look-up table hel d in an internal memory lo cation 
1 92 of tne rtticroprocessor 164, in order to d eter- 
mine, if possible, the number of notes which have 
been picked and have passed bet ween the rollers 
12 and 14. The contents of the look-up table in the 

55 memory l ocation 192 comprise thr ee discrete 
ranges of valu es respectively corr esponding to 1 . 2 
and 3 notes. If t he value stored in the memory 
location 178 falls within any one of these ranges. 
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then the number of notes picked, corresponding to 
the relevant range, is stored in an internal memory 
location 194 of the microprocessor 164. It will be 
understood that, in a normal pick operation, the 
pick mechanism 70 picks a single currency note 16 
from the currency cassette 68 for feeding to the 
stacking wheel 82 (Rg. 3). ' 

The microprocessor 198 then compares the 
number stored in the memory location 194 (i.e. the 
number of notes picked) with the number stored in 
the memory location 184 (i.e. the number of notes 
requested), if the number in the location 194 is 
greater than that in the location 184. then a multiple 
note has been picked comprising more notes than 
have been requested, and in this case the micro- 
processor 164 sends a signal DIVERT over a line 
196 to the divert solenoid 102 thereby activating 
the solenoid 102 so as to cause the divert gate 94 
to be pivoted from its normal position shown in 
solid outline in Rg. 3 to the position shown in chain 
outline. Thus, in consequence of the signal DIVERT 
being sent to the divert solenoid 102. the picked 
multiple note is diverted into the reject bin 106 
(Rg. 3); thereafter, the memory locations 176, 178 
and 194 are cleared and a further pick operation 
takes place by virtue of the low level signal PICK 
continuing to be present on the line 187. If the 
number in the location 194 is less than or equal to 
that in the location 184. then the picked single or 
multiple note is allowed to travel on to the stacking 
wheel 82 for stacking on the belt 92 (Rg. 3). and 
the number in the location 194 is subtracted from 
that in the location 184, the result of the subtraction 
being overwritten into the location 184. The location 
184 now contains the number, if any, of notes still 
to be picked from the cassette 68 and stacked on* 
the belt 92. If the number now contained in the 
location 184 is zero, then the operation of the pick 
mechanism 70 is terminated, the microprocessor 
164 is reset, and the cash dispensing operation is 
completed, in a manner to be described later. If the 
number contained in the location 184 is not zero, 
then the memory locations 176. 178 and 194 are 
cleared and the cash dispensing operation is con- 
tinued by performing one or more additional pick 
operations as previously described, until such time 
as the number contained in the memory location 
184 has been reduced to zero. In the course of the 
or each additional pick operation, the microproces- 
sor 158 performs a sampling operation for one 
complete revolution of the roller 12 during which 
the picked note passes between the rollers 1 2 and 
14. new valu s being stored in the memory loca- 
tions 176 and 178 at the completion of the sam- 
pling operation. 

When the number contained in the memory 
location 184 has been reduced to zero, the micro- 
processor 164 terminates the low level signal PICK 



on the line 187 so as to terminate the operation of 
the pick mechanism 70. The bundl of notes 16' 
stacked at this time on the belt 92 comprises the 
total number of notes (possibly a single note) to be 

5 dispensed to the user of the ATM. The belt 92 is 
then operated so as to transport the bundle of 
notes 16 towards the cash delivery port (not 
shown) for collection by the user of the ATM, and 
the microprocessor 164 switches off the motor 56 

10 by terminating the low level signal MOTON. and 
resets the memory locations 174, 176, 178. 184 
and 194 to zero. It should be understood that at the 
b eginning of each cash dispensing nppratinn a low 
level puls e SAMPLE is generate d by the micropro- 

15 cdsaor Ib4 on tne line 162, thereby c ausing a 
reference value, a s previously descr ibed, to be 
stored in the memory lo cation 174 p rior to the first 
note 16 being picked by the pick mechanism 70, 
Prior to a cash dispensing operation taking 

20 place, the look-up table held In the memorv loca-, 
tion 192 is established by passina a number of 
single notes, a number of double notes twn 
supenJOsed notes) and a number of triple no tes 
( i.e. three superposed notes) through the note 

25 sensing mechanism 10 and recordino the varinu s 
djfference values rep resentative nf tha rrr»fi.<^ 
t ional areas of the single or multiple notes, whic h 
d ifference values are obtained in the manner pre - 
v iously described. In a typical example of the loo k-J 

30 table, th e r ange of values for a single note 
p assTncj oerween tne roners 12 and 14 is 18 hex to 
26 hex, the range of values for a double note is 38 
hex to 46 hex, ana tne ranoe qt values tor* A tnol e 
note is 58 hex to 66 hex. If in the course of a pick 

35 operation the difference values stored in the mem- 
ory location 178 is between or outside the ranges 
making up the look-up table, for example a value 
between 26 hex and 38 hex, this value is invalid 
and the microprocessor 164 sends a signal Dl- 

40 VERT over the line 196 to the divert solenoid 102 
so as to cause the picked single or multiple note 
which gave rise to this invalid value to be diverted 
into the reject bin 106. A picked note could give 
rise to an invalid value if, for example, the note is 

45 torn or if parts of the note are joined together by 
adhesive tape. The lo ok-up table could be e x- 
ten ded to include a range ot v alues corresponding 
to 4 superposed notes, and possibly even a range 
of values corresponding to 5 superposed notes. 

50 However, it is extremely unlikely that as many as 4 
or 5 notes would be picked in a single pick opera- 
tion. Al so, the look -up table could comprise just 
two ranges respaclii^aly. corresponding to one and 
two n otes. 

55 It should be understood that the multiple note 
detect apparatus described above is able to count 
and pass on to the stacking wheel 82 overlapping 
double and triple notes whose overall width is 
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greater than that of a single note, provided that 
such overall width is not great r than the circum- 
ference of the fixed axis roller 12 less the distance 
between the sensor 62 and the nip of the rollers 12 
and 14. In the present embodiment, overlapping 
double or triple notes are treated as invalid if the 
sensor 62 senses that the overall width of the notes 
is greater than the circumference of the roller 12 
less the distance between the sensor 62 and the 
nip of the rollers 12 and 14. and in this case the 
microprocessor 164 sends a signal DIVERT to the 
divert solenoid 102 so as to divert the overlapping 
notes to the reject bin 106. 

The multiple note detect apparatus described 
above has the advantage that roller noise Is com- 
pensated automatically by the utilization of the ref- 
erence value generated at the beginning of each 
cash dispensing operation. This arrangement also 
allows the rollers 12 and 14 and the related bear- 
ings to be manufactured to a lower tolerance, 
thereby providing a reduction in manufacturing 
costs. Also, since picked double and triple notes 
can be read accurately and utilized in a cash 
dispensing operation (provided that the generated 
sensed note cross sectional values fall within the 
relevant ranges in the look-up table in the memory 
location 192). the period of time between succes- 
sive replenishments of the currency cassette 68 
"can be increased, thereby decreasing the down- 
time of the ATM of which the cash dispensing 
mechanism 66 fonms a part. Further, since the 
cross sectional area of the part of a picked single 
or multiple note passing through the nip of th e 
rollers 1 2 and 14 is determined rather than th e 
thickness of the note, a folded single note can be 
accurately detected as being one note and overlap- 
ping double or triple notes can be accurately de- 
tected as two or three notes respectively (provided 
that their overall width does not exceed a certain 
limit), thereby reducing still further the number of 
notes that are rejected unnecessarily. Another ad- 
vantage of the multiple note detect apparatus de- 
scribed above Is tha t the utilization of spaced apart 
r anges of valid sensed note m^enratlon v aiufts in 
t he look-up table in the memory location 192 en- 
ables mutilated notes to be rejected while substan- 
tially eliminating the risk of a picked double note 
being dispensed as a single note. 

A further advantage of the multiple note detect 
apparatus is that its operation is not affected by 
possible variation in the speed of the motor 56 
which drives the roller 12 and the timing disc 58. 
Thus, the timing disc sensor 60 generates a pulse 
for every 2 degrees of rotation of th roller 12 and 
the timing disc 58, irrespective of the speed at 
which the roller 12 and the disc 58 are rotating, in 
contrast, if an electronic integrator were used In- 
stead of the microprocessor 158 to generate the 



values stored in the memory locations 174 and 
176, then these values would be dependent on the 
time taken for the roller 12 to complete one full 
revolution. 

5 

Claims 

1. An apparatus for detecting the passage of 

70 superposed sheets along a feed path, including 
first and second cooperating rollers (12, 14), said 
first roller (12) having a fixed axis of rotation, 
means (52, 53) for feeding sheets along said feed 
path between said rollers, and means (24, 28. 48) 

15 for mounting said second roller (14) so that its axis 
is movable relative to that of said first roller and so 
that it is biased towards said first roller to enable 
said second roller to be displaced away from said 
first roller in response to a single or multiple sheet 

20 passing between said first and second rollers, char- 
acterized by voltage generating means (42. 112) 
associated with said second roller (14) and ar- 
ranged to produce an output voltage which varies 
linearly with movement of the axis of said second 

25 roller (14) towards or away from the axis of said 
first roller (12), analog-to-digital converter means 
(152) to which said output voltage is applied, pulse 
generating means (58. 60) for generating timing 
pulses in timed relationship with the revolution of 

30 said rollers (12. 14). and data processing means 
(158, 164) connected to the output of said con- 
verter means and to the output of said pulse gen- 
erating means, said data processing means being 
arranged to perform the following steps: (a) sam- 

35 pling the value of said output voltage, as repre- 
sented by the output of said converter means 
(152), a predetermined number of times for one 
complete revolution, or for an integral number of 
complete revolutions, of one of said rollers when no 

40 sheet is passing between said rollers, (b) storing a 
first digital value representative of the sum of the 
values of said output voltage sampled in step (a), 
(c) sampling the value of said output voltage, as 
represented by the output of said converter means, 

45 said predetermined number of times for one com- 
plete revolution, or for an integral number of com- 
plete revolutions, of said one of said rollers when a 
single or multiple sheet is passing between said 
rollers, (d) storing a second digital value repre- 

50 sentative of the sum of the values of said output 
voltage sampled in step (c), and (e) subtracting 
said first digital value from said second digital 
value to produce a third digital value on the basis 
of which a determination is made of the number of 

55 sheets which passed between said rollers in step 
(c). 
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2. An apparatus according to claim 1. char- 
acterized in that the diameter of said one of said 
rollers (12) is equal to. or a multiple of, the diam- 
eter of the other roller (14). 

3. An apparatus according to either claim 1 or 5 
claim 2. characterized in that in each of steps (a) 

and (c) said data processing means (158, 164) are 
arranged to sample the value of said output voltage 
at equal angular intervals of the rotation of said one 
of said rollers (12). io 

4. An apparatus according to claim 3. char- 
acterized in that in step (c), during the passage of 
said single or multiple sheet between said rollers, 
said data processing means (158, 164) are ar- 
ranged to sample the value of said output voltage is 
at intervals of not more that 2 millimetres along the 
dimension of said single or multiple sheet parallel 

to said feed path (76). 

5. An apparatus according to either claim 3 or 
claim 4. characterized in that said pulse generating 20 
means include a rotatable timing member (58) 
which is arranged to rotate in synchronism with 

said one of said rollers (12) and which is in coop- 
erative relationship with sensor means (60) ar- 
ranged to generate a series of timing pulses in 25 
response to rotation of said timing member and to 
apply said timing pulses to said data processing 
means (158, 164), and in that in each of steps (a) 
and (c) said data processing means are arranged 
to sample the value of said output voltage in re- '30 
sponse to each timing pulse received during the 
relevant step. 

6. An apparatus according to any one of the 
preceding claims, characterized in that said data 
processing means (158. 164) are arranged to com- 35 
pare said third value with a plurality of discrete 
ranges of values which are contained in a look-up 
table (192) and which respectively correspond to 
different numbers of sheets, each range being 
spaced from the or each other range. 40 

7. An apparatus according to claim 6, char- 
acterized in that said data processing means (158, 
164) are arranged to generate a signal indicative 
that the relevant single or multiple sheet is invalid 

in the event that said third value is found not to lie 45 
within any of said ranges, said signal serving to 
cause the Invalid sheet to be diverted to a con- 
tainer (106) for rejected sheets. 

8. An apparatus according to any one of the 
preceding claims, characterized in that the diam- so 
eter of said first roller (12) is twice that of said 
second roller (14). 

9. An apparatus according to any one of the 
preceding claims, characterized in that said second 
roller (14) Is rotatably mounted on a pivotally 55 
mounted rod (24) substantially fixed in position at 

one end, an end portion of said rod remote from 
said one end being connected to a connector 



member (34) which is pivotally mounted on a sup- 
port structure (20) and which is coupled to said 
voltage generating means (42), whereby the pas- 
sage of a single or multiple sheet between said first 
and second rollers brings about pivotal movement 
of said connector member, said pivotal mov ment 
causing a variation in the output voltage of said 
voltage generating means, 

10. An apparatus according to claim 9. char- 
acterized in that said connector member (34) is 
connected to an armature (40) of a linear variable 
differential transformer (42) which forms part of 
said voltage generating means, pivotal movement 
of said connector member in operation bringing 
about movement of said armature so as to cause a 
change in the output voltage of said voltage gen- 
erating means. 

11. A cash dispensing mechanism for dispens- 
ing currency notes, characterized in that said 
mechanism includes an apparatus according to any 
one of the preceding claims for detecting the pas- 
sage of superposed currency notes along a feed 
path, said mechanism being arranged to perform a 
plurality of pick operations in the course of a cash 
dispensing operation, each pick operation involving 
picking a single or multiple note from a currency 
note container (68) and causing the picked single 
or multiple note to pass between said rollers (12, 
14), and said processing means (158, 164) being 
arranged, in the course of said cash dispensing 
operation, to store said first digital value prior to 
any picked currency note reaching said rollers, and 
being* arranged to generate and store said second 
and third digital values for each single or multiple 
note which passes between said rollers in the 
course of said cash dispensing operation, said first 
digital value remaining unchanged for each said 
third value which is generated and stored. 
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